This study evaluated risk factors for increases in nuclear opacification of the lens in the Longitudinal Study of Cataract (1989Cataract ( -1993 Boston, Massachusetts), which included 764 participants. Baseline data on demographic, medical, and other risk factors were available from an earlier case-control study; follow-up visits were completed yearly over a 4-year period. The lens photographs taken at baseline and at each follow-up visit were graded using the Lens Opacities Classification System III protocol. Analyses evaluated which risk factors collected at baseline were related to increased nuclear opacification at follow-up. The MULCOX2 method, an extension of Cox regression for nested event-time data, was used to estimate the effects of the risk factors. This method accounted for the correlation between fellow eyes. Results showed that the risk of nuclear opacification increased with each year of age (relative risk (RR) = 1.07), white race (RR = 2.94), lower education (RR = 1.50), use of gout medications (RR = 2.32), current smoking (RR = 1.58), family history of cataract (RR = 1.39), and preexisting posterior subcapsular opacities (RR = 6.67). An association with early use of eyeglasses was also suggested (RR = 1.37). In conclusion, nuclear opacification was related to demographic and other variables, including potentially modifiable factors such as current smoking and use of gout medications. Most risk factors identified by this longitudinal study confirm those found by the original case-control study. The increased risk of nuclear opacities in whites appears to be a new finding. Am J Epidemiol 1998; 147:36-41.
Age-related cataract is the main cause of blindness and visual impairment throughout the world (1) . Recent estimates indicate that more than 15 million persons worldwide are blind from cataract (1, 2) . Although the problem is especially critical in developing countries, it affects the more developed countries as well. In the United States, the costs of cataract surgery alone are estimated to be $3.4 bilhon per year (3, 4) . Given the magnitude of the cataract problem, the identification of potentially modifiable risk factors has a high priority.
Several associations with cataract have been found in analyses of cross-sectional data, such as those collected by case-control and prevalence studies (5) (6) (7) (8) (9) (10) . However, less information is available from prospective studies. The Longitudinal Study of Cataract (LSC, 1989 (LSC, -1993 was an epidemiologic study of the natural history of lens opacities, conducted with funding from the National Eye Institute. One of the goals of the LSC was to evaluate risk factors for different types of lens opacities in a follow-up study (11) . The aim of this report is to present data on demographic, medical, and other risk factors for increases in nuclear opacities in this longitudinal study. Results on the association of nutritional factors and nuclear opacities, as well as on the risk factor analyses for cortical and posterior subcapsular opacities, will be presented separately.
MATERIALS AND METHODS

Data collection
The LSC was designed to measure longitudinal changes in nuclear, cortical, and posterior subcapsular opacities in a clinic-based population and to assess risk factors for cataract growth. For efficiency, the LSC met its sample size goals by recruiting its 764 participants from patients who had been part of an earlier study, that is, the Lens Opacities Case-Control Study (1985) (1986) (1987) (1988) (5, 10) . Data collected at the case-control study visit were used for the LSC baseline visit. The LSC follow-up visits began in September 1989 and continued yearly over a 4-year period. Eighty percent of the participants completed three or more visits, and the median length of follow-up was 4.8 years (mean, 4.6; standard deviation, 1.6 years). A detailed description of the LSC, including data on incidence and progression of nuclear opacities, has been published (11) .
The original case-control study used a very simple lens classification system (12, 13) with few ordinal categories (i.e., 0, 1, 2 for nuclear opalescence); lens status at the case-control study visit was based on gradings at the slit-lamp by an ophthalmologist. In contrast, the LSC used the more complex Lens Opacities Classification System III (LOCS HI) protocol (14) ; lens status at the baseline and follow-up visits was based on the consensus photographic gradings of two masked graders. The LOCS III uses photographic standards to grade cataract severity on a decimal scale, which ranges from 0.1 to 6.9 for nuclear opalescence scores. Quality control of LOCS HI gradings was monitored and maintained throughout the LSC grading sessions (11) .
Data analyses
The goal of these analyses was to identify which risk factors, measured at baseline, were related to subsequent nuclear opacification. Because of the correlation between data from fellow eyes, the MULCOX2 approach (15) (16) (17) was used in the analyses. This method is an extension of Cox regression, which models the marginal distribution of the nested event-time data to estimate the effects of the risk factors. The event was defined as an increase in nuclear opacities. The time-to-event was defined as the interval beginning at the baseline visit and ending at the midpoint between the visit when the event was first observed and its preceding visit. Right-censored data were considered for eyes without increases of nuclear opacities. While modeling the event-time of individual eyes, the method imposes no condition on the structure of the correlation between fellow eyes. The results are presented as relative risks and their 95 percent confidence intervals, which were based on the estimated coefficients in the model.
Of the 764 LSC participants, 744 had data on nuclear changes for at least one eye. Follow-up data from these 744 participants were analyzed to examine the risk factors related to any increases of nuclear opacification at follow-up. A threshold of 0.7 in the LOCS in nuclear grading scale was set to assess true changes beyond the noise of the grading system, which is influenced by intra-or intergrader variability. This threshold is the highest variation observed in the 95 percent tolerance limits for LOCS HI nuclear gradings, as observed both in the quality control results of the LSC and from previous reproducibility evaluations (11, 14) . For eyes with nuclear scores at two visits only, an increase in nuclear opacities was considered present if the nuclear scores increased by 0.7 or more at follow-up. For most eyes (over four fifths), which had lens grading data for three or more visits, all available nuclear scores were used to define confirmed increases in nuclear opacities at follow-up. A confirmed increase was considered as present for an eye if 1) the magnitude of change in nuclear scores from baseline to the last follow-up visit exceeded the threshold of 0.7 or more, and 2) a similar increase in nuclear scores occurred between any of the visits, which was followed by either another increase in scores or no change in scores at the subsequent visit. In addition, for eyes that had cataract surgery, an increase in nuclear opacities was also considered present if nuclear opacities were the most severe cataract type (i.e., the nuclear score was proportionally higher than the scores for cortical and posterior subcapsular opacities) at the last visit before surgery.
The potential risk factors were categorized into three groups: 1) demographic and personal characteristics: race (whites vs. nonwhites), lower education (less than 12 years of education vs. 12 years or more), lifetime occupation (professional vs. nonprofessional), eye color (dark vs. light or medium), body mass index (weight (kg)/height (m) 2 ); 2) medical factors: ever use of oral steroids or gout medications on a regular basis (at least once a week for at least 1 year), use of alcohol (any vs. none), cigarette smoking (current smoking vs. others), hypertension (diastolic blood pressure >95 mmHg, systolic blood pressure > 160 mmHg, or use of antihypertensives), self-reported history of cardiovascular disease, diabetes, and arthritis, use of aspirin on a regular basis (i.e., at least once a week for at least 1 year); and 3) other factors: self-reported family history of cataract, occupational, residential, and recreational sun exposures (e.g., work outdoors, residence and/or travel to areas of high sun exposure, leisure time outdoors), use of hats, and use of sunglasses. Because of the difficulty in accurately assessing myopia in persons with cataract, the early use of eyeglasses (before the age of 20 years) was used as an approximate indicator of myopia.
The analyses screened the potential risk factors in three major steps. In the first step, each potential risk factor was evaluated separately by MULCOX2 regression models. In the second step, factors in each group, which were associated with changes of nuclear opacities in the first step (p < 0.1), were evaluated in one model. In the third step, all variables associated with changes of nuclear opacities in the second step (p < 0.1) were included in the final models. Given the Am J Epidemiol Vol. 147, No. 1, 1998 possible differences in development of nuclear opacities between males and females and the known effects of age on nuclear opacification, age and sex were entered into each model in all three steps. The effect of coexisting cortical or posterior subcapsular opacities on increases of nuclear opacification was also evaluated in the final models. Such opacities were defined as present if the LOGS EH cortical or posterior subcapsular score at baseline was 2.0 or higher in the same eye. Table 1 presents descriptive data on the 744 participants. This was an older population, with a median age of 65 years and with 45 percent being males. Twenty-four percent of the participants (177 of 744) had increases in nuclear opacities at follow-up in at least one eye. Table 2 shows the distribution of factors identified from step 2 of the analysis and included in the final model, according to whether or not nuclear opacities increased at follow-up. Table 3 presents the results of the final models. Age in years (relative risk (RR) = 1.07), white race (RR = 2.94), lower education (RR = 1.50), regular use of gout medications (RR = 2.32), current smoking (RR = 1.58), family history of cataract (RR = 1.39), and baseline posterior subcapsular opacities (RR = 6.67) were significantly (p < 0.05) associated with increases in nuclear opacification at follow-up. An association with early use of eyeglasses (RR = 1.37, p = 0.08) was also suggested.
RESULTS
DISCUSSION
This longitudinal study followed participants to determine which baseline characteristics were related to subsequent nuclear changes. The study used a standardized grading system and carefully defined change, for example, confirmed change, to reduce the effects of random grading noise and the possibility of misclassification. The results confirmed most of the risk factors for nuclear opacities found by the original case-control study (5) , although the LSC used a different lens classification system and grading protocol and had a smaller sample size. In both studies, nuclear opacities were related to indicators of lower socioeconomic status (5), as supported by the association with lower education. The results were also consistent with a multifactorial etiology in nuclear opacities, where various personal characteristics and medical and other exposures seem to accelerate the nuclear opacification of the lens. The cataractogenic potential of gout medications is supported by this study, as well as the role of current smoking in the increases of nuclear opacities.
Personal characteristics
Among the significant personal characteristics, age increased the risk of nuclear opacities, as expected. Participants who did not complete high school had a 50 percent higher risk of nuclear opacities than did those with higher education. This association of cataract with lower socioeconomic status has been a constant finding in studies of various designs, conducted in several countries and based on very different populations (5-7). The remarkable consistency of the association across studies suggests environmental influences on cataractogenesis, which could be due to lifestyle, dietary, or other exposures.
The 644 white participants had over twice the risk of having increased nuclear opacification at follow-up than did the 100 nonwhite participants. This association was found after adjusting for the confounding effects of age and education (table 3) . Because over four fifths of the nonwhites were African American, additional analyses were conducted based on African Americans and whites only, excluding the 19 other nonwhites. The results were essentially the same. To our knowledge, the higher risk of nuclear opacities in whites is a new finding. Few studies have compared associations with cataract in white and African-origin populations. The National Health and Nutrition Survey (18) found a positive association of nuclear and cortical cataract with black race. Other studies suggest that blacks have more cortical cataract than do whites. In our original case-control study (5), AfricanAmerican participants were twice as likely to have cortical opacities, while no significant differences in nuclear opacities were seen between whites and nonwhites. Similarly, black participants in the Barbados Eye Study had a significantly higher prevalence of cortical opacities (19) . These results suggest that whites may be at higher risk of nuclear opacities and that blacks may be at higher risk of cortical opacities. While our results are consistent with this explanation, interpretation must consider that the LSC was based on patients who were attending a general ophthalmology clinic and not a general population. As such, our results would be susceptible to selection biases.
Medical history
A relation was found with gout treatment, which more than doubled the risk of subsequent nuclear opacification. Gout medications, specifically allopurinol, have cataractogenic effects (20) (21) (22) (23) (24) . In our previous case-control study, associations with gout treatment were found for mixed cataract (5) .
In this study, current smokers had about three-fifths higher risk of increases in nuclear opacities. This result was similar to that of the case-control study, where current smokers were more likely to have nuclear opacities (odds ratio = 1.68) (5) . In crosssectional data from the Beaver Dam Eye Study (25) , the frequencies of more severe levels of nuclear sclerosis increased with pack-years of cigarette smoking in women and men. The Chesapeake Bay Watermen Study (26) found a significant association between cigarette smoking and progression of preexisting nuclear cataract in a 5-year cohort study. Our findings thus confirm the associations of nuclear opacities with current smoking, as found in our case-control study (5) and other studies (25) (26) (27) (28) (29) (30) . The underlying reason for this association could be due to the effect of cigarette smoking on the cadmium level in the lens; alternatively, cigarette smoking would cause oxidative damage to the lens nucleus through its effect on the blood level of vitamins C and E and /3-carotene (31-33).
Other risk factors
A family history of cataract was associated with a two-fifths increased risk of nuclear opacities. This finding is consistent with clustering of environmental or behavioral determinants of cataract within famines. Heiba et al. (34) reported evidence of a major gene for nuclear cataract. Although our results are consistent with a possible genetic cause, recall biases related to reporting family history could also be a likely explanation. The relation between nuclear cataract and early use of eyeglasses before the age of 20 years, which was used as an indicator of myopia, was found previously as well (5) . Since the onset of myopia is predominantly before adulthood, most persons with clinically significant myopia would be expected to wear corrective eyeglasses for distance vision by the age of 20 years. While there was a high agreement between this variable and a refractive error of one diopter or less, the reason for using eyeglasses at an early age was not verified, and the association with myopia is suggestive only.
This study found a strong association between baseline posterior subcapsular cataract and increases of nuclear opacities at follow-up. Our previous analyses (11) found that persons with coexisting cortical and/or Am J Epidemiol Vol. 147, No. 1, 1998 posterior subcapsular cataract had a higher progression rate of nuclear opacities than did those without coexisting cataract. Among the persons free from nuclear opacities at baseline, the same results were found at younger ages (<65 years) but not at older ages. The Italian-American Cataract Study found similar effects of coexisting opacities on the incidence of nuclear opacities (35) . Our results suggest that the effects of coexisting opacities are more likely to be due to posterior subcapsular opacities than to cortical opacities. According to our definition, eyes that had cataract surgery were considered as having increases if nuclear opacities were the most severe cataract type. It is possible that most of the eyes that had cataract surgery also had high nuclear opalescence and posterior subcapsular scores. Therefore, the effect of coexisting posterior subcapsular opacities and increases in nuclear opacities may be overestimated. However, additional analyses excluding data on cataract surgery showed similar results for coexisting posterior subcapsular opacities. One possibility is that the process of nuclear opacification may be somehow influenced by changes that occur in other regions of the lens.
Comparisons with the original case-control study
Longitudinal studies have major advantages over case-control studies, especially for identifying risk factors for the development of a disease. Case-control studies are limited to evaluating associations between the presence of a potential risk factor and the presence of a disease at a specific point in time. In contrast, longitudinal studies allow the identification of baseline factors that potentially affect future changes in disease status. This temporal sequence strengthens the evidence for cause-effect relations, and the study design reduces many sources of biases and confounding. An interesting methodological issue, therefore, is to compare the results of this longitudinal study with the results of the original case-control study, which were derived from the baseline data only.
In the LSC, our results could be due to bias if losses to follow-up were related to the increases of nuclear opacification and/or the risk factors examined. To investigate the possibility of biases, we used chisquare tests to evaluate whether losses to follow-up differed in persons with and without exposures to each factor studied, for example, sex or race. In addition, log-linear models were applied to detect possible interactions among increases in nuclear opacities, losses to follow-up, and the factors evaluated. Results of these analyses did not suggest apparent associations for any of the variables examined, except education. Our results indicated the interactions among increases of nuclear opacities, low education, and losses to follow-up, which may lead to an underestimate of the relative risk for low education. Although the lack of association with the other variables does not necessarily imply the absence of biases, it suggests that losses to follow-up are less likely to contribute to large biases in the estimation of the relative risks (36) .
In summary, the LSC confirmed most of the risk factors identified in the original Lens Opacities CaseControl Study, including lower socioeconomic status, current smoking, use of gout medications, early use of eyeglasses, and family history of cataract. The similarity in risk factors identified from baseline and longitudinal analyses suggests that the effect of selection biases or unmeasured confounders in the case-control study was not large, especially for the modifiable risk factors.
Among the new factors identified by the longitudinal analyses was white race, with African-American participants showing less nuclear changes at followup. This result is compatible with the case-control study results, which found that black participants had more cortical than nuclear opacities.
Interpretation of the findings of this study must consider that our lens classification system defined nuclear cataract based on the opalescence of the nucleus only, since nuclear color was graded separately in this system. As such, our criteria for nuclear cataract are different from those used in some of the other studies.
In conclusion, given the high prevalence of nuclear opacities, risk factors amenable to modification or intervention are of great interest. These include current smoking and use of gout medications. Results concerning possible racial differences in risk require further evaluation.
